Abstract. Wind stress is the main force power of the storm surge. The wind drag coefficient has decided the momentum transmission from air to the sea. In storm surge simulation, the formation and the propagation of storm surge changes with different wind drag coefficient. A series of numerical experiments are performed to study the impact of wind drag coefficient on storm surge. The result indicates that it is in good agreement with the observed data in the storm surge simulation using the wind drag coefficient by Garratt (1977) in Bohai Sea.
Introduction
Bohai Sea is one of the serious areas effected by the storm surge in the world. It will be threatened by extratropical storm surge in Spring and Autumn and often be attacked by tropical storm surge in Summer. The mean depth is only 18 meters in Bohai Sea, so the effect of the storm surge is extremely obvious. Comparing the barometric, the wind stress is the main force power of the storm surge [1] .The storm surge simulation will be affected by the setting of the wind drag coefficient [2] [3] . This paper will effectively enhance the ability of the precision of the storm surge simulation and have some application value on the storm surge forecast and coastal engineering design.
The wind stress is often used as the empirical formula (1) in the storm surge simulation, 
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is the density of the air, 10 U is the wind velocity in the 10 m from the ground. The wind drag coefficient is used as the formula (2), 3 10 10 ) (
(2) The precision of the storm surge would be effected by the parameterization schemes of the wind drag coefficient. In this paper, using the three-dimensional finite-volume coastal ocean model(FVCOM), the extratropical storm surge is simulated in Bohai Sea in Oct. 2003. The impact of the wind drag coefficient on numerical simulation of storm surge is studied.
Model Setting and Verification
The storm surge is simulated by the three-dimensional FVCOM ocean model. The finite volume method is used for the model calculation. It has the discrete simplicity, calculation efficiency and strong adaptability [4] .The model uses triangular mesh to fit the complex coastline and is widely used in Bohai Sea, Yellow Sea, Mexico Bay and other sea areas.
Model Setting
The model domains Bohai Sea and Yellow Sea, with the open boundary arching from the north bank of the Yangtze River estuary to Chejudo of South Korean ( Figure 1 ). The grid resolution remains at 1,000 meters near shoreline of Bohai Bay and gradually increases to about 30,000 meters in the open boundary to fit for the complicated coastline. The horizontal triangular grid has 14633 nodes and 28236 elements. The number of the open boundary node is 18. The model uses the positive pressure model, the temperature and the salinity respectively is 10 degrees and 30.The external time step is 3 seconds and the ratio of internal time step to external time step is 10. In this work, the ocean model has been forced by 3-hourly 10-m winds calculated by the WRF model simulation [5] . [6] [7] . 
Model Verification
At first, we have tested the tide simulation. Figure 2 shows the Co-amplitude and Co-phase of M2 and K1 constituents in Bohai Sea and Yellow Sea which are in accordance well with the observations. For the storm surge simulations, the model is driven by the wind stress from the WRF data, plus astronomical tides in Oct. 2003. The surge level is the water level outputs from the storm surge simulation minus the water level outputs from the tide simulation. A detailed validation of the hindcast against observation is presented in Figure 3 , which shows the surge level simulation is in good agreement with the observation. 
Result and Discussion
The sensitivity runs are performed for the storm surge occurring in Oct. 2003 in order to study the impact of the wind drag coefficient. The different wind drag coefficient parameterization are showed in Table 1 . The result shows the simulated surge level is lower than the observation using the scheme of RM35 and Sv42. The scheme of Wu82, Ge87, YT98 aren't fit for the simulation for the big error. Therefore, we choose the schemes of LP81 [8] , Ga77 [9] and Sm80 [10] to carry on the simulation. In FVCOM Model, it is often used with the scheme of Large and Pond (1981) as follows. Figure 4 shows the comparison of the wind drag coefficient and wind speed. The wind drag coefficient becomes more bigger in the strong wind. Comparing the scheme of Smith, the wind drag coefficient of Garratt and LP could reflect the range of the wind speed. The storm surge is simulated using the three kinds of wind drag. As showed in Figure 5 , the surge level simulation is in good agreement with the observation, both in storm surge amplitude and phase using Garratt parameter. 
Conclusion
In this study, storm surges occurring in the Bohai Sea are reproduced using FVCOM. A series of numerical experiments are performed to study the impact of wind drag coefficient on storm surges.
The results show that the surge elevations are in good agreement with the observations using the Garratt wind drag coefficient.
